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(54) METHOD AND APPARATUS FOR RADIO COMMUNICATION USING ARRAY ANTENNA 



(57) A radio section(RS) 102 receives, through an- 
tennas 101-1 through 101-3, a plurality of signals trans- 
mitted on a plurality of channels from a communication 
partner; demodulation sections(DS) 103-1 through 

103- 3 despread the signals of the channels; reception 
weight generation sections(RWGS) 104-1 through 

104- 3 generate reception weights 1 through 3 for the 
signals of the channels, respectively; a common weight 



generation section 105 generates, from the reception 
weights 1 through 3, a common reception weight, by 
which each of the signals of the channels is commonly 
multiplied; and multipliers 106-1 through 106-3 multiply 
each of the signals of the channels by the common re- 
ception weight. Thereby : the array antenna radio com- 
munication apparatus receives all of the signals of the 
channels with the same directional pattern. 
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Description 

Technical Field 

[0001] The present invention relates to an array an- 5 
tenna radio communication apparatus and an array an- 
tenna radio communication method. 

Background Art 

10 

[0002] In a radio communication system of CDMA 
(Code Division Multiple Access) method, interference 
among various kinds of signals causes deterioration of 
characteristics of signals which receiving sides receive, 
as a plurality of communication partners transmit signals 15 
in the same frequency band. 

[0003] An array antenna radio communication appa- 
ratus has been known as an apparatus for suppression 
of the above interference. The array antenna radio com- 
munication apparatus is a radio communication appa- 20 
ratus which is provided with a plurality of antennas, and 
may freely set directivity by adjusting each amplitude 
and phase of signals received at each antenna. 
[0004] The array antenna radio communication appa- 
ratus adjusts the amplitude and phase of the received 25 
signals by multiplying the received signals by a weight 
factor (hereinafter, called as "weight"). The array anten- 
na radio communication apparatus may intensely re- 
ceive only signals incoming from a desired direction by 
adjusting the multiplying weight. 30 
[0005] Here, multi-code transmission is sometimes 
used for improving a transmission rate in a mobile com- 
munication system of the CDMA method. In the mobile 
communication system of the CDMA method, there are 
some cases where desired transmission rate is not ob- 35 
tained on one communication channel in the case of a 
large amount of data, for example, when image data and 
voice data are required to be transmitted at the same 
time, as there is an upper limit in the transmission rate 
for one communication channel. 40 
[0006] Then, multi-code transmission, where spread 
of image data and voice data is performed with different 
spreading codes, respectively, and, at the same time s a 
plurality of communication channels are used for simul- 
taneous transmission of the image data and the voice *s 
data, is used. As described above, desired transmission 
rate may be obtained even in the case of large amounts 
of data, as data is transmitted, using a plurality of com- 
munication channels at the same time in the multi-code 
transmission. so 
[0007] However, there is a following problem, when a 
conventional array antenna radio communication appa- 
ratus is applied for the CDMA radio communication sys- 
tem in which the multi-code transmission is performed. 
[0008] That is, the array antenna radio communica- ss 
tion apparatus obtains reception weights respectively 
for demodulation data obtained after despreading of the 
received signals with a plurality of different spreading 
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codes in the case where the multi-code transmission is 
performed. All the reception weights obtained as de- 
scribed above are obtained from a signal transmitted 
from one communication partner. Therefore, all the re- 
ception weights naturally have the same value, by which 
the directivity is formed in the direction of a position 
where the communication end is located. 
[0009] However, a plurality of reception weights 
sometimes have the different value, respectively, as 
there are caused different errors respectively in a plu- 
rality of reception weights by noise, differences in power 
among signals of each channel, differences in correla- 
tion values depending on the difference in the spreading 
codes, and so on. 

Disclosure of Invention 

[001 0] An object of the present invention is to provide 
an array antenna radio communication apparatus and 
an array antenna radio communication method, capable 
of improving a reception quality by setting values of the 
reception weights for a plurality of signals transmitted 
from the same direction on a plurality of channels to the 
same value. 

[0011] In order to achieve the above object, in the 
present invention , the same directional pattern is formed 
for all signals transmitted from the same direction by set- 
ting values of reception weights for a plurality of signals, 
which are transmitted on a plurality of channels from the 
same direction, to a value of an accurate reception 
weight. Thereby, the reception quality may be improved. 

Brief Description of Drawings 

[0012] 

FIG. 1 is a block diagram showing a schematic con- 
figuration of an array antenna radio communication 
apparatus according to a first embodiment of the 
present invention. 

FIG. 2 is a block diagram showing a schematic con- 
figuration of an array antenna radio communication 
apparatus according to a second embodiment of 
the present invention. 

FIG. 3 is a block diagram showing a schematic con- 
figuration of an array antenna radio communication 
apparatus according to a third embodiment of the 
present invention. 

Best Mode for Carrying Out the Invention 

[0013] Hereinafter embodiments of the present in- 
vention will be described in detail, referring to the draw- 
ings. 

(First Embodiment) 

[0014] In an array antenna radio communication ap- 
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paratus and an array antenna radio communication 
method according to the present embodiment, reception 
weights, which are generated for respective signals of 
all channels subjected to multi-code transmission, are 
combined, and the combined reception weight is used 
as reception weights for the signals of all the channels, 
whereby the reception weights for respective signals of 
channel are set to a reception weight with high accuracy. 
[0015] FIG. 1 is a block diagram showing a schematic 
configuration of an array antenna radio communication 
apparatus according to the first embodiment of the 
present invention. 

[0016] In addition, the following description will be 
made as one example, assuming that the number of ar- 
ray antennas is three. Further, a case will be described 
where one communication partner performs multi-code 
transmission of three . signals spread with different 
spreading codes 1 through 3, respectively, using chan- 
nels 1 through 3, as one example in the following de- 
scription. Further more, it is assumed that a signal, 
which is transmitted on channel 1, and spread with 
spreading code 1, is called as "channel 1 signal"; the 
one transmitted on channel 2 and spread with spreading 
code 2 is called as "channel 2 signal"; and the one trans- 
mitted on channel 3 and spread with spreading code 3 
is called as "channel 3 signal". 

[0017] In FIG. 1, a radio section(RS) 102 performs 
predetermined radio processing of signals received 
through antennas 101-1 through 101-3. Here, the re- 
ceived signals are signals including a channel 1 signal, 
a channel 2 signal, and a channel 3 signal, as they are 
signals subjected to multi-code transmission. 
[0018] Demodulation sections(DS) 103-1 through 
103-3 perform predetermined demodulation processing 
by multiplying the received signals by different spread- 
ing codes 1 through 3, respectively. Reception weight 
generation sections(RWGS) 104-1 through 104-3 gen- 
erate reception weights 1 through 3 by performing adap- 
tive signal processing on demodulated channel 1 signal 
through demodulated channel 3 signal. 
[001 9] A common weight generation section 1 05 gen- 
erates one reception weight, which is commonly used 
for multiplication of the channel 1 signal through the 
channel 3 signal, using three reception weights 1 
through 3 generated in the reception weight generation 
sections(RWGS) 104-1 through 104-3. In addition, the 
reception weight generated in the common weight gen- 
eration section 105 is called as "common reception 
weight" in the following description. 
[0020] Multipliers 106-1 through 106-3 multiply the 
channel 1 signal through the channel 3 signal by the 
common reception weight, respectively. 
[0021] Then, operations of the array antenna radio 
communication apparatus with the above configuration 
will be described. 

[0022] The signals received through antennas 101-1 
through 101-3 are subjected to predetermined radio 
processing in the radio section(RS) 1 02 and then output 



to the demodulation sections(DS) 103-1 through 103-3. 
The received signals are multiplied by different spread- 
ing codes 1 through 3, respectively, and are subjected 
to predetermined demodulation processing in the de- 
5 modulation sections(DS) 1 03-1 through 1 03-3. Thereby, 
the channel 1 signal through the channel 3 signal are 
obtained, respectively. 

[0023] The channel 1 signal demodulated in the de- 
modulation section(DS) 1 03-1 is output to the reception 

10 weight generation section (RWGS) 104-1 and the mul- 
tipliers 106-1. Similarly, the channel 2 signal demodu- 
lated in the demodulation section(DS) 1 03-2 is output to 
the reception weight generation. section(RWGS) 104-2 
and the multipliers 106-2, and the channel 3 signal de- 

15 modulated in the demodulation section(DS) 103-3 is 
output to the reception weight generation section 
(RWGS) 104-3 arid the multipliers 106-3. 
[0024] The reception weight generation sections 
(RWGS) 104-1 through 104-3 perform the adaptive sig- 

20 nal processing on the channel 1 signal through thechan- 
nel 3 signal, and thereby generate the reception weights 
1 through 3, respectively. The generated reception 
weights 1 through 3 are output to the common weight 
generation section 105, respectively. 

25 [0025] In addition, there is no limitation on the method 
for generation of the reception weights. Examples used 
as a method for generating reception weights include a 
method (beam steering) for generating such reception 
weights that form a radiation pattern with a beam point- 

30 ed in the direction of arrival of a desired signal, and a 
method (null steering) for generating such reception 
weights that form a radiation pattern with a null point 
pointed in the direction of arrival of an interfering signal. 
[0026] Here, the reception weights 1 through 3 some- 

35 times have different values, respectively, as there are 
caused different errors respectively in the reception 
weights 1 through 3 by noise; differences in power 
among the channel 1 signal through the channel 3 sig- 
nal; differences in correlation values caused by the dif- 

40 ference in the spreading codes for spread of the channel 
1 signal through the channel 3 signal; and so on. 
[0027] Then, the common weight generation section 
105 generates the common reception weight by com- 
bining the reception weights 1 through 3. The reception 

45 weight obtained by combining the reception weights 1 
through 3 is used as the common reception weight, 
whereby the accuracy of the reception weight to be mul- 
tiplied by the channel 1 signal through the channel 3 sig- 
nal is improved. The generated common reception 

so weight is output to multipliers 106-1 through 106-3. 
[0028] There is no limitation on a method for combin- 
ing the reception weights 1 through 3. For example, 
there is a method for averaging values of the reception 
weights 1 through 3 and using the obtained average val- 

55 ue as the common reception weight. 

[0029] Array combining is performed by multiplication 
of the channel 1 signal through the channel 3 signal by 
the common reception weight in the multipliers 106-1 



5 



HP 1 175 023 A1 



5 



through 106-3. Thereby, the array antenna radio com- 
munication apparatus according to the present embod- 
iment is capable of receiving the channel 1 signal 
through the channel 3 signal with the same directional 
pattern has been formed for the channel 1 signal 5 
through the channel 3 signal. 

[0030] Thus, according to the array antenna radio 
communication apparatus and the array antenna radio 
communication method, reception weights generated 
for respective signals of all channels subjected to multi- 10 
code transmission are combined, and the combined re- 
ception weight is used as a reception weight for each of 
the signals of all the channels, whereby the reception 
weights for the signals of ail the channels are set to the 
reception weight with high accuracy. Therefore, since it 15 
is possible to receive respective signals of channels 
subjected to multi-code transmission using the same ra- 
diation pattern with high accuracy, it is possible to im- 
prove the reception quality. 

20 

(Second Embodiment) 

[0031 ] The present embodiment and the first one are 
different in generating a common reception weight ac- 
cording to the reception qualities of respective signals 25 
of channel subjected to multi-code transmission. FIG. 2 
is a block diagram showing a schematic configuration 
of an array antenna radio communication apparatus ac- 
cording to the second embodiment of the present inven- 
tion. Here, parts similar to those of the first embodiment 30 
are denoted by the same reference numbers, and de- 
tailed description will be eliminated. 
[0032] Multipliers 201-1 through 201-3 multiply the 
channel 1 signal through the channel 3 signal by recep- 
tion weights 1 through 3 generated in reception weight 35 
generation sections(RWGS) 104-1 through 104-3, re- 
spectively. 

[0033] A reception quality measurement section 
(RQMS) 202-1 measures the reception quality of the 
channel 1 signal multiplied by the reception weight 1 in 40 
the multiplier 201-1 . Similarly, a reception quality meas- 
urement section(RQMS) 202-2 measures the reception 
quality of the channel 2 signal multiplied by the reception 
weight 2 in the multiplier 201-2, and a reception quality 
measurement section (RQMS) 202-3 measures the re- 45 
ception quality of the channel 3 signal multiplied by the 
reception weight 3 in the multiplier 201-3, Thereby, the 
reception qualities atthe directivity corresponding to the 
channel 1 signal through the channel 3 signal are meas- 
ured, respectively. Here, there is no limitation on values 50 
indicating the reception qualities. For example, correla- 
tion values, reception SIRS (Signal to Interference Ra- 
tios), and so on may be used as the above values. 
[0034] A common weight generation section 203 uses 
a reception weight with the best reception quality among 55 
the reception weights 1 through 3 as the common re- 
ception weight. 

[0035] Subsequently, operations of the array antenna 



radio communication apparatus with the above config- 
uration will be described. 

[0036] The channel 1 signal demodulated in the de- 
modulation section(DS) 103-1 is output to the reception 
weight generation section(RWGS) 104-1 , the multiplier 
106-1, andthemultipiier 201-1 . Similarly, the channel 2 
signal demodulated in the demodulation section(DS) 
103-2 is output to the reception weight generation sec- 
tion(RWGS) 104-2, the multiplier 1 06-2, and the multi- 
plier 201 -2, andthe channe!3 signal demodulated in the 
demodulation section(DS) 103-3 is output to the recep- 
tion weight generation section(RWGS) 104-3, the mul- 
tiplier 1 06-3, and the multiplier 201 -3. 
[0037] The reception weight generation sections 
(RWGS) 1 04-1 through 104-3 perform the adaptive sig- 
nal processing on thechannel 1 signal through thechan- 
nel 3 signal, and thereby generate the reception weights 
1 through 3, respectively. The generated reception 
weights 1 through 3 are output to the multipliers 201-1 
through 201-3 and the common weight generation sec- 
tion 203, respectively. 

[0038] In the multipliers 201-1 through 201-3, the 
channel 1 signal through the channel 3 signal are mul- 
tiplied by the reception weights 1 through 3, respective- 
ly. Thereby, directional patterns corresponding to the 
channel 1 signal through the channel 3 signal are 
formed, respectively. The channel 1 signal through the 
channel 3 signal, which are received under a state 
where the directional patterns have been formed, are 
output to reception quality measurement sections 
(RQMS) 202-1 through 202-3, respectively. 
[0039] In the reception quality measurement sections 
(RQMS) 202-1 through 202-3, the reception qualities at 
the directivity corresponding to the channel 1 signal 
through the channel 3 signal are measured, respective- 
ly. The values indicating the measured reception quali- 
ties are output to the common weight generation section 
203, respectively. 

[0040] Here, it may be said that a directional pattern 
formed with the reception weight having the best recep- 
tion quality among the reception weights 1 through 3 is 
the best directional pattern for all of the channel 1 signal 
through the channel 3 signal. In other words, all the re- 
ception qualities of the channel 1 signal through the 
channel 3 signal become the best reception quality, 
when all of the channel 1 signal through the channel 3 
signal are received with a directional pattern formed with 
a reception weight having the best reception quality 
among the reception weights 1 through 3. Then, the 
common weight generation section 203 outputs a recep- 
tion weight with the best reception quality among the re- 
ception weights 1 through 3 as a common reception 
weight to the multipliers 106-1 through 106-3. 
[0041] Array combining is performed by multiplication 
of the channel 1 signal through the channel 3 signal by 
the common reception weight in the multipliers 1 06-1 
through 106-3. 

[0042] Here, it may be configured in the present em- 
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bodiment that the common weight generation section 
203 generates the common reception weight by com- 
bining of the reception weights 1 through 3 after weight- 
ing of the reception weights 1 through 3 according to the 
size of the values indicating the reception qualities. Spe- 
cifically, it may be configured that the average value of 
the reception weights 1 through 3, weighting of which 
the common weight generation section 203 performs 
according to the size of the values indicating the recep- 
tion qualities, is used as the common reception weight. 
[0043] Thus, according to the array antenna radio 
communication apparatus and the array antenna radio 
communication method, the common reception weight 
is generated according to the reception qualities of re- 
spective signals of channel subjected to multi-code 
transmission. Therefore, it is possible to further improve 
the accuracy of the directional pattern and the reception 
quality compared with those of the first embodiment. 

(Third Embodiment) 

[0044] The present embodiment and the first one are 
different in generating a transmission weight using a 
common reception weight. 

[0045] FIG. 3 is a block diagram showing a schematic 
configuration of an array antenna radio communication 
apparatus according to the third embodiment of the 
present invention. Here, parts similar to those of the first 
embodiment are denoted by the same reference num- 
bers, and detailed description will be eliminated. 
[0046] A transmission weight generation section 
(TWGS) 301 generates a transmission weight from the 
common reception weight, considering difference in 
transmitting and receiving frequencies. 
[0047] A multiplier 302 multiplies a transmission sig- 
nal by the transmission weight. A modulation section 
(MS) 303 performs predetermined modulation process- 
ing of the transmission signal by multiplying the trans- 
mission signal by a spreading code. A radio section(RS) 
102 transmits the modulated transmission signal 
through antennas 101-1 through 101-3. 
[0048] Then, operations of the array antenna radio 
communication apparatus with the above configuration 
will be described. 

[0049] The common reception weight generated in a 
common weight generation section 105 is output to the 
transmission weight generation section(TWGS) 301 . In 
the transmission weight generation section (TWGS) 
301 , a transmission weight is generated from the com- 
mon reception weight and then the transmission weight 
is output to the multiplier 302. In the multiplier 302, the 
transmission weight is multiplied by the transmission 
signal. Thereby, the transmission signal is transmitted 
through antennas 101-1 through 101-3 under a state 
where a directional pattern corresponding to the trans- 
mission signal is formed. 

[QQ50] Thus, according to the array antenna radio 
communication apparatus and the array antenna radio 



communication method, since the transmission weight 
is generated using the common reception weight, it is 
possible to transmit the transmission signal with an ac- 
curate directional pattern. Thereby, it is possible to re- 
5 duce the interference given to other communication 
partners, other than a desired communication partner. 
[0051] Here, the above third embodiment may be ex- 
ecuted by combination with the above second embodi- 
ment. 

10 [0052] And, cases, where one communication partner 
performs multi-code transmission of three signals 
spread with different spreading codes 1 through 3 on 
channels 1 through 3, have been described in the de- 
scription of the above first through third embodiments. 

15 That is, a case, where the signal transmitted from one 
communication partner is multiplexed according to the 
CDMA method, has been described. However, the array 
antenna radio communication apparatus and the array 
antenna radio communication method according to the 

20 above first through third embodiments may be applied 
for a mobile communication system where signals of a 
plurality of channels are multiplexed not only by the CD- 
MA method, but also by other methods such as a TDMA 
(Time Division Multiple Access) method, and a FDMA 

25 (Frequency Division Multiple Access) method. 

[0053] Moreover, all reception weights for each signal 
transmitted from each communication partner naturally 
have the same value, when a plurality of communication 
partners are located in the same direction. Therefore, it 

30 is possible by a similar method to the above first through 
third embodiments to set all the reception weights for 
each signal transmitted from each communication part- 
nerto the common reception weight, when the array an- 
tenna radio communication apparatus according to the 

35 above first through third embodiments may estimate by 
using, for example, a GPS (Global Positioning System) 
that a plurality of communication partners are located in 
the same direction. 

[0054] As described above, it is possible to improve 
40 the reception quality by setting values of the reception 
weights for a plurality of signals transmitted from the 
same direction on a plurality of channels to the same 
value. 

[0055] This application is based on Japanese Patent 
45 Application No.2000-049853 filed on Feb. 25, 2000, en- 
tire content of which is expressly incorporated by refer- 
ence herein. 

Industrial Applicability 

50 

[0056] The present invention is applied to a mobile 
station apparatus and a base station apparatus used for 
a mobile communication system. 



1 . An array antenna radio communication apparatus 
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comprising: 

an array antenna, which is composed of a plu- 
rality of antenna elements, for receiving signals 
transmitted on a plurality of channels from the 5 
same direction; 

a first generator for generating first reception 
weight factors for the respective signals of the 
channels; 

a second generator for generating a second re- 10 
ception weight factor, which is commonly used 
for multiplication of each of the respective sig- 
nals of the channels, from the first reception 
weightfactors generated in said first generator; 
and 15 
a multiplier for multiplying each of the respec- 
tive signals of the channels by the second re- 
ception weight factor; wherein 
all of the respective signals of the channels are 
received with the same directional pattern. 20 

The array antenna radio communication apparatus 
according to claim 1 , wherein 

said array antenna receives signals transmit- 
ted on a plurality of channels from one communica- 25 
tion partner. 

The array antenna radio communication apparatus 
according to claim 1 , wherein 

said second generator combines the first re- so 
ception weight factors generated in said first gener- 
ators generate the second reception weightfactor. 

The array antenna radio communication apparatus 
according to claim 3, further comprising: 35 

measurer for measuring the reception qualities 
of the respective signals of the channels, 
wherein 

said second generator combines the first re- 40 
ception weightfactors after weighting ofthefirst 
reception weightfactors according to the recep- 
tion qualities. 

The array antenna radio communication apparatus 45 
according to claim 1 , further comprising: 

measurer for measuring the reception qualities 
of the respective signals of the channels, 
wherein 50 
said second generator uses a first reception 
weight factor generated for a signal of a chan- 
nel with the best reception quality as the second 
reception weight factor. 

55 

The array antenna radio communication apparatus 
according to claim 1 , further comprising: 



a third generator for generating a transmission 
weight factor for multiplication of transmission 
signals from the second reception weight fac- 
tor. 

7. A mobile station apparatus equipped with an array 
antenna radio communication apparatus, wherein 

said array antenna radio communication appa- 
ratus comprising: 

an array antenna, which is composed of a 
plurality of antenna elements, for receiving 
signals transmitted on a plurality of chan- 
nels from the same direction; 
a first generator for generating first recep- 
tion weight factors for the respective sig- 
nals of the channels; 

a second generator for generating a sec- 
ond reception weight factor, which is com- 
monly used for multiplication of each of the 
respective signals of the channels, from 
the first reception weightfactors generated 
in said first generator; and 
a multiplier for multiplying each of the re- 
spective signals of the channels by the sec- 
ond reception weight factor; wherein 
all of the respective signals of the channels 
are received with the same directional pat- 
tern. 

8. A base station apparatus equipped with an array 
antenna radio communication apparatus, wherein 

said array antenna radio communication appa- 
ratus comprising: 

an array antenna, which is composed of a 
plurality of antenna elements, for receiving 
signals transmitted on a plurality of chan- 
nels from the same direction; 
a first generator for generating first recep- 
tion weight factors for the respective sig- 
nals of the channels; 

a second generator for generating a sec- 
ond reception weightfactor, which is com- 
monly used for multiplication of each of the 
respective signals of the channels, from 
the first reception weight factors generated 
in said first generator; and 
a multiplier for multiplying each of the re- 
spective signals of the channels by the sec- 
ond reception weight factor; wherein 
all of the respective signals of the channels 
are received with the same directional pat- 
tern. 

9. An array antenna radio communication method 
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comprising: 

receiving signals transmitted on a plurality of 
channels from the same direction by an array 
antenna., which is composed of a plurality of an- 5 
tenna elements; 

generating a second reception weight factor, 
which is commonly used for multiplication of 
each of the respective signals of the channels, 
from first reception weight factors for the re- 10 
spective signals of the channels; 
multiplying each of the respective signals of the 
channels by the second reception weight fac- 
tor; and 

receiving all of the respective signals of the 15 
channels with the same directional pattern. 
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